Brucellosis and Q fever impart high morbidity in humans and economic losses among livestock worldwide. However their prevalence is still not fully known in Thailand. We conducted a sero-survey of brucellosis and Q fever in beef, dairy cattle, goat, and sheep herds from Thai communities at the border with Cambodia, a crossborder trading center. Serum samples were tested for brucellosis and Q fever by antibody-based tests at the National Institute of Animal Health, Thailand. We surveyed a total of 520 individuals from 143 herds. Brucellosis herd-level seroprevalence for beef cattle and small ruminants (goats and sheep) was 2.6% (3/117) and 13.3% (2/ 15) respectively. Q fever herd-level seroprevalence for beef cattle, dairy cattle, and small ruminants was 4.3% (5/117), 27.3% (3/11) and 33.3% (5/15) respectively. This study identified a significant burden of brucellosis and Q fever among small ruminants and dairy cattle at the Thai-Cambodian border.
Introduction
Brucellosis and Q fever are major veterinary public health zoonoses associated with high morbidity in humans [1, 2] . They are both considered re-emerging zoonoses in South-East Asia and present a health and economic threat linked to increasing animal trade and production [3, 4] . Since the addition of Cambodia to the Association of South-East Asia Nations in 1999, its trade with Thailand has skyrocketed [5] . As a result, the need for appropriate disease surveillance is urgent in the province of Sa Kaeo, the entry point between Thailand and Cambodia.
In 2003, the Department of Livestock Development (DLD) started a national 'brucellosis free' campaign for dairy cows, goats, and sheep farms. No dairy herd was detected infected in Sa Kaeo province over the past 3 years (Ekgatat, unpublished data) and testing for small ruminants was not done systematically but rather conveniently. As for Q fever, no systematic and active data has recently been collected in livestock in Sa Kaeo province, and a DLD report from 2011 suggests the absence of Q fever in Thailand among livestock [6] , despite human cases reported in 2012 [7] . There is thus no recent and precise estimate of prevalence for brucellosis and Q fever within each production type, and risk factors specific to Thailand are poorly understood.
Therefore, the aims of the study were to (1) determine the seroprevalence of brucellosis and Q fever at the herd level among cattle and small ruminant farms at the Thai-Cambodian border, and (2) identify possible risk factors associated with Brucella spp. and Coxiella burnetii seropositivity.
Materials and methods

Study design and study population
We conducted a cross-sectional study in Khlong Hat and Aranyaprathet districts in Sa Kaeo province, Thailand, which border Cambodia, and are major districts in terms of agriculture production.
The study unit was the herd, defined as animals from one unique production type (beef cattle, dairy cattle, goats, or sheep) owned by the same household and kept in the same location. Brucellosis in dairy cows was not a focus of our study since it was already being targeted by the https://doi.org/10.1016/j.onehlt.2018.10.001 Received 21 February 2018; Received in revised form 30 July 2018; Accepted 10 October 2018 DLD. All livestock in this area is of Thai origin but is sometimes sold to Cambodian farmers. The study was granted IACUC ethical approval.
Data collection was based on a 2-stage random sampling design, at the herd-level and individual level. The sampling scheme is presented in Fig. 1 . The herd-level sample size was calculated based on an expected herd-level prevalence for Q fever of 10% for all species [4, Ekgatat unpublished data]. The animal-level sample size was calculated with an adapted function from Musallam et al., 2015 for variable herd size [8] .
Data collection
Herds were randomly selected in each province from an alphabetical list provided by the DLD. If an owner refused to participate, another herd was randomly selected. The inclusion criterion for herds was being within the administrative borders of the district. Exclusion criteria were refusing to participate and being unable to answer more than 50% of the questionnaire.
Within each selected herd, blood samples were collected from both male and female animals when possible. The individuals were selected conveniently. Inclusion criteria for individuals were being older than 6 months and not being vaccinated against brucellosis nor Q fever. Exclusion criteria were being in gestation and impossibility of drawing blood.
For each animal sampled, the age, sex, and body score of the animal were recorded. A survey of the farm was conducted to collect epidemiological information on the farmer's socio-economic status, the herd health history, the farm characteristics and location, and management practices.
Serological analyses
Sera were tested for Brucella spp. and Coxiella burnetii at the National Institute of Animal Health, Bangkok, Thailand. Testing for Brucella spp. consisted in parallel testing with the Rose Bengal Test (RBT) and the indirect Enzyme-Linked-Immunosorbent-Assay (iELISA IDEXX) with a sample-to-positive ratio cut-off of 80%, followed by the Complement Fixation Test (CFT APHA Scientific). Sera negative with both RBT and iELISA were considered negative for brucellosis. Sera positive for any of these tests were further tested by CFT with a cut-off of 20 ICFTU/ml. The RBT antigen was produced from B. abortus strain 99, Bureau of Veterinary Products. The antigen was tested with a secondary standard serum identical to the OIEISS one, and verified by ANSES [9, 10] .
Testing for Coxiella burnetii was done by iELISA (IDEXX) with a sample-to-positive ratio cut-off of 40% [11] .
An animal with a positive serum was considered infected. A herd was considered positive for brucellosis or Q fever if at least one animal in the herd was seropositive for Brucella spp. or Coxiella burnetii, respectively.
Data management and statistical analyses
Goats and sheep were regrouped under the "small ruminants" denomination, to mirror the similarity in management practices. The prevalence for brucellosis and Q fever, and their 95% confidence interval (95%CI), were calculated at the herd level.
To analyze factors associated with brucellosis or Q fever, variables of interest were chosen based on biological plausibility and frequencies among the herds sampled. We explored the association between disease Number of animals to be sampled in each herd in order to reach 95% probability of detecting at least one positive animal if the herd is infected.
(Stage 2) Sampling of individuals Fig. 1 . Sampling scheme: two-step random sampling for sampling of herds and individuals by production type. *Proportional to the ratio of the total number of herds in the district and the total number of herds in both district. **Proportional to the number of herds from each production type in the district mentioned. The figure presents the two stages of sampling used for data collection: sampling at the herd-level and sampling at the individual level.
prevalence and farm-related activities such as mixing of livestock species, practices regarding the animals' placenta, use of manure, water source for the animals, presence of wild animals on the farm, and access of pets to the livestock area. We calculated the prevalence ratio and its 95%CI, as well as the associated p-value [12] , for each of the selected variables in order to test for associations between exposure and positivity of the herd. We used a p-value cut-off of 0.05 for significance. The analysis was performed in R.
Results
Between June and August 2015, we contacted a total of 145 herds to offer them the opportunity to enroll in the study. Of these, two herds did not have any animals anymore. All other owners accepted to enroll in the study. A total of 143 herds were visited and included in the final analysis.
The overall herd-level prevalence was 4.8% (95%CI 2.3-9.5) and 11.4% (95%CI 7.3-17.3) for brucellosis and Q fever respectively. The prevalence by production type is presented in Table 1 . Two small ruminant and one beef cattle herds were infected with both brucellosis and Q fever.
Casting of placenta in the field yielded high prevalence ratios for brucellosis in beef cattle (PR = 3.9 (95%CI 0.4-43.0), p = 0.26). Use of ground water source for animals yielded high prevalence ratios for Q fever in dairy cattle (PR = 2.2 (95%CI 0.9-5.9), p = 0.10). All other variables yielded prevalence ratios close to one and were not significantly associated with seropositivity of the herd.
Discussion
Our study shows a significant burden associated with brucellosis among small ruminants and Q fever among dairy cattle at the ThaiCambodian border. Knowing the increasing movements of livestock and human workforce, associated with a change in animal production, brucellosis and Q fever have the potential to represent a public health threat across the Thai-Cambodian border.
The seroprevalence encountered for all species and diseases is concerning. Brucellosis prevalence was the most alarming in small ruminant herds and Q fever prevalence was highest for small ruminant and dairy cattle herds. Similar results have been reported in Malaysia, where the herd-prevalence of goat brucellosis has been estimated to be 7.0% [13, 14] and Q fever has been shown to be present in goats and dairy cattle [15] . Data from 2012 to 2013 on Q fever seroprevalence in the provinces of Chiang Mai and Nakorn Ratchasima was recently published and confirmed that Q fever exists in Thailand, with a high prevalence in dairy cattle [16] . Dairy cattle and small ruminants should thus become a priority for future control programs in Thailand.
Although none of the explored practices were significant, our study suggests that non-destruction of the placenta and ground water consumption may increase the risk of transmission of brucellosis in beef cattle herds and Q fever within dairy cattle herds, respectively. Groundwater and pond water seem to be associated with higher risk of contamination with brucellosis for livestock and for exposed professions when compared to tap water consumption [17] , potentially due to external contamination. Non-destruction of the placenta, on the other hand, is a well-known risk factor for herd contamination and human infection with both diseases [2, 18] .
Our results should be discussed in light of some limitations. The number of herds and animals selected was based on assumptions on Q fever seroprevalence, which turned out to be lower for brucellosis and for intra-herd seroprevalence. This resulted in a small sample size and wide confidence intervals, and limits the power of our study to determine risk factors for herd infection with Q fever and brucellosis. In addition, potential information bias could have resulted from the interviews. Based on the prevalence results and the potential risk factors highlighted in this study, further, larger studies in Thailand are needed, ideally testing for Q fever and brucellosis separately.
In conclusion, brucellosis and Q fever are present in livestock at the Thai-Cambodian border, and could represent a public health threat for both countries. Strengthening the surveillance system in rural communities is imperative in order to evaluate the transmission of the two diseases to humans and to focus our efforts on at-risk populations.
Disclosures
No competing financial interests exist. The authors report no conflict of interest. All authors have read and approved the final article.
Financial support
The project was funded by the Wilbur G Downs Fellowship, the Coca-Cola foundation grant, Yale South-East Asia Studies Council grant and USAID. The funding sources had no involvement in the study design, collection of data, analysis nor in the writing of the report or the decision to submit the article for publication.
Authors' contributions S.C., E.W., M.E., A.I.K., and S.H. designed the research study. S.C. and E.W. acquired the data. M.E. contributed essential reagents or tools and performed laboratory testing. S.C. analyzed the data. A.I.K. and S.H. supervised the research. S.C., M.E., and S.H. wrote the paper. E.W. and A.I.K. revised the manuscript. All authors have read and approved the final manuscript. 
